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(54) Hinge for a swash plate compressor 

(57) A variable displacement compressor has a 
drive shaft, a rotor supported by the drive shaft, a drive 
plate supported by the drive shaft and a hinge mecha- 
nism located between the rotor and the drive plate. The 
hinge mechanism includes a cam, which is located on 
the rotor, and a guide portion, which is located on the 
drive plate. The cam has a cam surface, which has a 
predetermined profile. One of the cam surface and the 
guide portion slides against the other in accordance with 
inclination of the drive plate. The guide portion traces a 
path corresponding to the profile of the cam su rface with 
respect to the cam. The path includes a first path corre- 
sponding.to a small displacement region of the com- 
pressor and a second path corresponding to a large dis- 
placement region of the compressor. The profile of the 
cam surface is determined such that the first path and 
the second path bulge in a direcLion opposite to each 
other to compensate for fluctuation of a top dead center 
position of the piston. 



Fig. 3(a) 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a variable displacement compressor used in a vehicular air conditioner. 
[0002] Japanese Laid-Open Patent Publication No. 6-288347 discloses such a variable displacement compressor. 
[0003] As shown in Fig. 1 2, the compressor of the publication includes a housing 1 01 , in which a crank chamber 1 02 
is defined. A drive shaft 103 is rotatably arranged in the crank chamber 102. A rotor 104 is coupled to the drive shaft 
103 and is located in the crank chamber 102. The rotor 104 rotates integrally with the drive shaft 103. A drive plate, 

10 which is a swash plate 105 in this embodiment, is accommodated in the crank chamber 102. A spherical sleeve 106 
is slidably supported by the drive shaft 103. The swash plate 105 is tiltably supported by the spherical sleeve 106. 
[0004] Cylinder bores 101a are defined in the housing 101 . Each cylinder bore 101a accommodates a piston 107. 
Each piston 1 07 is coupled to the swash plate 1 05 with a couple of shoes 1 08. A valve plate assembly 1 09 is provided 
in the housing 101. In each cylinder bore 101a, a compression chamber 110 is defined by the associated piston 107 

15 and the valve plate assembly 109. 

[0005] A hinge mechanism 111 is located between the rotor 104 and the swash plate 105. The swash plate 105 is 
coupled to the rotor 1 04 with the hinge mechanism 1 1 1 and is supported by the drive shaft 1 03 with the spherical sleeve 
1 06. This permits the swash plate 1 05 to rotate integrally with the rotor 1 04 and the drive shaft 1 03, and to slide along 
the axis L of the drive shaft 103. while sliding, the swash plate 105 inclines relative to the drive shaft 103 about the 

20 spherical sleeve 1 06. 

[0006] As the pressure in the crank chamber 1 02 varies, the difference between the pressure in the crank chamber 
102 and the pressure in the compression chambers 110 is changed. Accordingly, the inclination angle of the swash 
plate 105 is changed. As a result, the stroke of each piston 107, or the compressor displacement, is varied. 
[0007] The hinge mechanism 111 includes support arms 112 projecting from the rotor 104 and guide pins 113 pro- 

25 jecting from the swash plate 105. A guide hole 114 is formed in each support arm 112, and a spherical portion 113a is 
formed at the distal end of each guide pin 113. The spherical portion 113a of each guide pin 113 is fitted in the guide 
hole 114 of the corresponding support arm 112 and slides with respect to the guide hole 114. Each guide hole 114 is 
parallel to an imaginary surface defined by the axis L of the drive shaft 103 and the top dead center corresponding 
position of the swash plate 1 05 (or the center of an imaginary sphere formed by the shoes 1 08 of the piston 1 07 located 

30 at the top dead center position). Each guide hole 114 is also formed straight toward the axis L of the drive shaft 103. 
[0008] Therefore, when the inclination angle of the swash plate 105 increases, the spherical portion 113a of each 
guide pin 113 is rotated clockwise as viewed in the drawing about an axis P, which extends through the center of the 
spherical portion 113a and is perpendicular to the imaginary surface, inside the corresponding guide hole 114. The 
spherical portion 113a of each guide pin 113 linearly slides along an inner surface (cam surface) 114a of the guide 

35 hole 1 1 4 in a direction to separate from the drive shaft 1 03. When the inclination angle of the swash plate 1 05 decreases, 
the spherical portion 113a of each guide pin 113 is rotated counterclockwise as viewed in the drawing about the axis 
P inside the guide hole 114. The spherical portion 113a of each guide pin 113 linearly slides along the cam surface 
114a of the guide hole 114 in a direction to approach the drive shaft 103. 

[0009] That is, the profile of each cam surface 114a is designed such that a path P' of the rotary axis P of the 

40 corresponding spherical portion 113a is straight. 

[0010] The graph of Fig. 6 shows the result of an examination on the variable displacement compressor of the above 
publication performed by the present inventor. As shown by a chain double-dashed line, which is a characteristic line, 
the present inventor discovered that according to the hinge mechanism 111 , or the profile of the cam surface 114a, of 
the above publication, the top dead center position of each piston 1 07 fluctuates by a large amount when the displace- 

45 ment is varied. 

[0011] If the top dead center position of each piston 1 07 fluctuates, the clearance (top clearance) TC between the 
piston 1 07 and the valve plate assembly 1 09 varies. Therefore, if, for example, the top clearance TC increases by the 
variation of the displacement, the dead volume of each compression chamber 110 increases. Accordingly, the expan- 
sion amount of refrigerant gas increases, which decreases the volumetric efficiency of the variable displacement com- 
50 pressor. 

SUMMARY OF THE INVENTION 

[0012] Accordingly, it is an objective of the present invention to provide a variable displacement compressor that 
55 includes a hinge mechanism that suppresses fluctuation of a top clearance although the displacement is varied. 

[0013] To achieve the above objective, the present invention provides a variable displacement compressor, which 
includes a housing, a single-headed piston, a drive shaft, a rotor, a drive plate, and a hinge mechanism. The housing 
includes a cylinder bore. The single-headed piston is accommodated in the cylinder bore. The drive shaft is rotatably 
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supported by the housing. The rotor is supported by the drive shaft and rotates integrally with the drive shaft. The drive 
plate is supported by the drive shaft and slides along and inclines with respect to the drive shaft. The hinge mechanism 
is located between the rotor and the drive plate. Rotation of the drive shaft is converted into reciprocation of the piston 
via the rotor, the hinge mechanism, and the drive plate. The hinge mechanism guides the drive plate such that the 

s drive plate slides along and inclines with respect to the drive shaft. The inclination angle of the drive plate determines 
the displacement of the compressor. The hinge mechanism includes a cam, which is located on one of the rotor and 
the drive plate, and a guide portion, which is located on the other one of the rotor and the drive plate. The cam has a 
cam surface, which has a predetermined profile. The guide portion abuts against the cam surface. One of the cam 
surface and the guide portion slides against the other in accordance with inclination of the drive plate. The guide portion 

10 traces a path corresponding to the profile of the cam surface with respect to the cam. The path includes a first path 
corresponding to a small displacement region of the compressor and a second path corresponding to a large displace- 
ment region of the compressor. The profile of the cam surface is determined such that the first path and the second 
path bulge in a direction opposite to each other to compensate for fluctuation of a top dead center position of the piston 
with respect to the housing. 

15 [0014] Other aspects and advantages of the invention will become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [0015] The invention, together with objects and advantages thereof, may best be understood by reference to the 
following description of the presently preferred embodiments together with the accompanying drawings in which: 

Fig. 1 (a) is a cross-sectional view illustrating a variable displacement compressor of the preferred embodiment of 
the present invention; 

Fig. 1 (b) is an enlarged view showing a circle of broken line in Fig. 1 (a). 
Fig. 2 is a plan view illustrating a hinge mechanism; 
Fig. 3(a) is a side view illustrating the hinge mechanism; 
Fig. 3 (b) is an enlarged view showing a circle of broken line in Fig. 3 (a). 
Fig. 4 is an enlarged view illustrating a cam surface of the hinge mechanism; 
Fig. 5 is a schematic view explaining the suitable profile of the cam surface; 

Fig. 6 is a graph explaining the relationship between the displacement of a compressor and a top clearance; 
Fig. 7 is an enlarged view illustrating a cam surface of a hinge mechanism according to a modified embodiment; 
Fig. 8 is a side view illustrating the hinge mechanism according to another modified embodiment; 
Fig. 9 is an enlarged view illustrating the cam surface of the hinge mechanism shown in Fig. 8; 
Fig! 10 is a plan view illustrating a hinge mechanism according to another modified embodiment; 
Fig. 11 is a plan view illustrating a hinge mechanism according to another modified embodiment; and 
Fig. 12 is a cross-sectional view illustrating a prior art variable displacement compressor. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

[0016] A variable displacement compressor according to one embodiment of the present invention will now be de- 
scribed. The compressor forms a part of a refrigeration cycle of a vehicular air-conditioner. 

[0017] As shown in Fig. 1 (a), the compressor includes a cylinder block 11 , a front housing member 12, a valve plate 
assembly 13, and a rear housing member 14. The front housing member 12 is secured to the front end of the cylinder 
45 block 1 1 . The rear housing member 1 4 is secured to the rear end of the cylinder block 1 1 with the valve plate assembly 
13 in between. The left end of the compressor in Fig. 1(a) is defined as the front of the compressor, and the right end 
is defined as the rear of the compressor. 

[0018] The cylinder block 11 and the front housing member 12 define a crank chamber 15. The cylinder block 11 
and the front housing member 12 define a crank chamber 15. A drive shaft 1 6 extends through the crank chamber 15 
so and is rotatable with respect to the cylinder block 11 and the front housing 12. The drive shaft 16 is coupled to the 
output shaft of a power source of the vehicle, which is an engine E in this embodiment, through a clutchless type power 
transmission mechanism PT, which constantly transmits power. Therefore, the drive shaft 1 6 is always rotated by the 
power supply from the engine E when the engine E is running. 

[0019] A rotor 1 7 is coupled to the drive shaft 1 6 and is located in the crank chamber 1 5. The rotor 1 7 rotates integrally 
55 with the drive shaft 16. A drive plate, which is a swash plate 18 in the preferred embodiment, is housed in the crank 
chamber 15. A through hole 20 is formed at the center of the swash plate 18. The drive shaft 16 is inserted through 
the through hole 20. The swash plate 18 is slidably and tiltably supported by the drive shaft 16. A substantially semi- 
spherical support 20a is formed at the lower portion of the through hole 20. A hinge mechanism 1 9 is located between 



4 



30 



8/16/2007, EAST Version: 2.1.0.14 



EP 1 323 923 A2 

the rotor 1 7 and the swash plate 1 8 on the side opposite to the support 20a with respect to the axis L of the drive shaft 1 6 . 
[0020] The hinge mechanism 1 9 and the support 20a permit the swash plate 1 8 to rotate integrally with the rotor 1 7 
and the drive shaft 1 6. The swash plate 1 8 slides along the axis L of the drive shaft 1 6 and tilts with respect to the drive 
shaft 16 about the pivot axis, which is the axis K of the support 20a. 

5 [0021] Cylinder bores 22 are formed in the cylinder block 11 about the axis L of the drive shaft 16 at equal angular 
intervals. A single headed piston 23 is accommodated in each cylinder bore 22. The piston 23 reciprocates inside the 
cylinder bore 22. The front and rear openings of each cylinder bore 22 are closed by the associated piston 23 and the 
valve plate assembly 1 3. A compression chamber 24 is defined in each cylinder bore 22. The volume of the compression 
chamber 24 changes according to the reciprocation of the corresponding piston 23. Each piston 23 is coupled to the 

10 peripheral portion of the swash plate 18 by a pair of shoes 25. The shoes 25 convert rotation of the swash plate 18, 
which rotates with the drive shaft 16, to reciprocation of the pistons 23. 

[0022] A suction chamber 26 and a discharge chamber 27 are defined between the valve plate assembly 1 3 and the 
rear housing 14. 

[0023] The valve plate assembly 13 has suction ports 28, suction valve flaps 29, discharge ports 30 and discharge 
15 valve flaps 31 . Each set of the suction port 28, the suction valve flap 29, the discharge port 30 and the discharge valve 
flap 31 corresponds to one of the cylinder bores 22. As each piston 23 moves from the top dead center to the bottom 
dead center, refrigerant gas, which is carbon dioxide in this embodiment, in the suction chamber 26 is drawn into the 
corresponding compression chamber 24 through the corresponding suction port 28 while flexing the suction valve flap 
29 to an open position. Refrigerant gas that is drawn into the compression chamber 24 is compressed to a predeter- 
20 mined pressure as the piston 23 is moved from the bottom dead center to the top dead center. Then, the gas is dis- 
charged to the discharge chamber 27 through the corresponding discharge port 30 while flexing the discharge valve 
flap 31 to an open position. 

[0024] As shown in Figs. 1 (a) to 3, the hinge mechanism 19 is located in the vicinity of a top dead center corre- 
sponding position TDC of the swash plate 18, or the center of an imaginary sphere formed by the shoes 25 of the 

25 piston 23 located at the top dead center position. More specifically, a first engaging body, which is a projection 41 in 
the preferred embodiment, is integrally formed with the rear surface of the rotor 17 at a portion facing the top dead 
center corresponding position TDC. The projection 41 has a hollow structure and includes two branches 45 on the 
outermost side. This reduces the weight of the hinge mechanism 1 9 as compared to a case in which the projection 41 
has a solid structure (this does not deviate from the scope of the present invention). 

30 [0025] A cam 42 is integrally formed at the proximal portion of each branch 45 of the projection 41. A second engaging 
body, which includes left and right arms 43 in the preferred embodiment, is integrally formed on the front surface of 
the swash plate 18. The cams 42 and the arms 43 are located symmetrically with respect to the top dead center 
corresponding position TDC of the swash plate 18 in the rotational direction of the rotor 17. 

[0026] The two arms 43 are arranged on opposite sides of the projection 41 . Outer surfaces 41a of the projection 
35 41 are engaged with side surfaces 43b of the arms 43. Thus, power is transmitted from the projection 41 to the arms 
43. A concave guide portion 43a is formed on the distal end of each arm 43. Each guide portion 43a abuts against a 
cam surface 42a, which is formed on the rear surface of each cam 42. 

[0027] The hinge mechanism 1 9 of the compressor according to the preferred embodiment is formed symmetrical 
with respect to the top dead center corresponding position TDC in the rotational direction of the drive shaft 16 such 
40 that the hinge mechanism 1 9 is used in a suitable manner regardless of the rotational direction of the engine, or the 
drive shaft 16, of the vehicle to which the compressor is mounted to expand the versatility. That is, the compressor of 
the preferred embodiment is compatible with an engine having either rotational direction. 

[0028] As shown in Fig. 1(a), a bleed passage 32, a supply passage 33, and a control valve 34 are formed in the 
housing. The bleed passage 32 connects the crank chamber 15 to the suction chamber 26. The supply passage 33 
45 connects the discharge chamber 27 to the crank chamber 1 5. The control valve 34 , which is an electromagnetic valve 
in this embodiment, is located in the supply passage 33. 

[0029] The opening degree of the control valve 34 is adjusted to control the balance between the flow rate of highly 
pressurized gas supplied to the crank chamber 1 5 through the supply passage 33 and the flow rate of gas conducted 
out of the crank chamber 15 through the bleed passage 32. The pressure in the crank chamber 15 is thus adjusted. 
so As the pressure in the crank chamber 15 varies, the difference between the pressure in the crank chamber 1 5 and the 
pressure in the compression chamber 24 Is changed, which in turn varies the inclination angle 0 of the swash plate 
18. Accordingly, the stroke of each piston 23, or the compressor displacement, is varied. 

[0030] As shown in Fig. 3(a), the inclination angle 8 of the swash plate 18 represents the angle between a flat im- 
aginary surface (swash plate center surface) SC, which is parallel to the swash plate 1 8 and lies on the top dead center 
55 corresponding position TDC, and a flat surface F, which is perpendicular to the axis L of the drive shaft 16. 

[0031] As shown in Fig. 1 (a), if, for example, the opening degree of the control valve 34 decreases, the pressure in 
the crank chamber 15 is decreased. When the pressure in the crank chamber 15 decreases, the inclination angle e of 
the swash plate 1 8 is increased. Therefore, the stroke of each piston 23 is increased, which increases the displacement 
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of the compressor. When a stopper 1 8a, which is located on the front surface of the swash plate 1 8, abuts against the 
rear surface of the rotor 1 7, the swash plate 1 8 Is at the maximum inclination angle. 

[0032] On the contrary, when the opening degree of the control valve 34 increases, the pressure in the crank chamber 
15 is increased. When the pressure in the crank chamber 15 increases, the inclination angle e of the swash plate 18 
5 is decreased. Therefore the stroke of each piston 23 decreases, which decreases the displacement of the compressor. 
The minimum inclination angle of the swash plate 18 is not zero and is determined by a limit member (spring) 35 
arranged on the drive shaft 16. 

[0033] As shown in Figs. 3(a) and 3(b), when the inclination angle G of the swash plate 18 increases, the guide 
portion 43a of each arm 43 is rotated clockwise as viewed in the drawings about the rotary axis P and moves in a 

10 direction to separate from the drive shaft 1 6 along the cam surface 42a of the corresponding cam 42. On the contrary, 
when the inclination angle G of the swash plate 18 decreases, the guide portion 43a of each arm 43 is rotated coun- 
terclockwise as viewed in the drawings about the rotary axis P and slides in a direction to approach the drive shaft 16 
along the cam surface 42a of the corresponding cam 42. Therefore, the rotary axis P of each guide portion 43a defines 
a path P' along the profile of the corresponding cam surface 42a in accordance with the variation of the inclination 

is angle 6 of the swash plate 1 8. 

[0034] As shown by a solid line, which is a characteristic line, in Fig. 6, the profile of the cam surface 42a of each 
cam 42 is designed such that although the inclination angle G of the swash plate 1 8, or the displacement of the com- 
pressor, varies, the top dead center position of each piston 23 is kept constant. In this case, the clearance (top clear- 
ance) TC between the distal end 23a (see Fig. 5) of each piston 23 at the top dead position and the front end 13a of 

20 the valve plate assembly 13 is kept constant (for example, 0.1mm or less). The suitable profile of the cam surfaces 
42a will be described below. 

[0035] The conventional compressor according to Japanese Laid-Open Patent Publication No. 6-288347 will be 
described. According to the conventional compressor, the profile of each cam surface 11 4a is designed such that the 
path of the rotary axis P of the corresponding spherical portion 113a is straight. It has already been mentioned in the 

25 "BACKGROUND OF THE INVENTION" that according to this profile, the. top clearance TC fluctuates by a large amount 
as shown by the double-dashed line, which is a characteristic line, in Fig. 6 when the displacement of the compressor 
varies. When the compressor is running with a small displacement region, which is in the range of the minimum dis- 
placement to 50% displacement, the characteristic line has a curvature projecting toward the side in which the top 
clearance TC decreases. When the compressor is running with a large displacement region, which is in the range of 

30 50 to 100% displacement (maximum displacement), the characteristic line has a curvature projecting toward the side 
in which the top clearance TC increases. 

[0036] Thus, as exaggerated in Figs. 1 (a), 3(a), 3(b), and 4, the cam surface 42a of each cam 42 according to the 
preferred embodiment has a region 42a-1 along which the corresponding guide portion 43a slides when the compressor 
is in a small displacement region and a region 42a-2 along which the corresponding guide portion 43a slides when the 

35 compressor is in a large displacement region. The region 42a-1 is concave such that the path P' of the axis P of the 
guide portion 43a projects, or bulges opposite to the pistons 23 (leftward as viewed in the drawings), or toward the 
side in which the top clearance TC increases. The region 42a-2 is convex such that the path P' of the axis P of the 
guide portion 43a projects, or bulges toward the pistons 23 (rightward as viewed in the drawings), or toward the side 
in which the top clearance TC decreases. 

40 [0037] The region 42a-1 having the concave curved surface and the region 42a-2 having the convex curved surface 
are smoothly connected to each other. Therefore, the cross section of each cam surface 42a is S-shaped. 
[0038] The suitable profile of the cam surfaces 42a will now be described. 

[0039] As shown in Fig. 5, the axis L of the drive shaft 1 6 is assumed to be the x-axis. A straight line that lies along 
the front end 1 3a of the valve plate assembly 1 3, which is perpendicular to the axis L of the drive shaft 1 6 and the axis 
45 s of the piston 23 at the top dead center position, is assumed to be the y-axis. Therefore, the coordinate (Px, Py) of 
the intersecting point between a plane that lies along the x-axis and the y-axis and the axis P of the guide portion 43a 
is expressed by the following equations. 

Px = d x cosG + X + H + TC (equation 1) 



Py = d x sinG + c x cosG - a x sinG + b 

55 [0040] in the above equations, "a" is the distance between the axis K of the support 20a and the swash plate center 
surface SC. "b" is the y coordinate of the axis K of the support 20a (b < 0 in this embodiment), "c" is the distance 
between a straight line, which is perpendicular to the swash plate center surface SC and the axis P of the guide portion 
43a, and a straight line, which is perpendicular to the axis K of the support 20a and the swash plate center surface 
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SC. "d" is the distance between the axis P of the guide portion 43a and the swash plate center surface SC, in other 
words, the distance between the intersecting line between the swash plate center surface SC and the plane F and the 
axis P of the guide portion 43a. "H" is the distance between the top dead center corresponding position TDC of the 
swash plate 18 and the distal end 23a of the piston 23. "BP" is the distance between the axis L of the drive shaft 16 
5 and the axis S of the piston 23. "X" is the distance between the flat surface F and the top dead center corresponding 
position TDC. 

[0041] In the preferred embodiment, the axis K of the support 20a is located on the swash plate center surface SC 
(that is, a = 0). However, to apply universality to the coordinate (Px, Py), the axis K of the support 20a and the swash 
plate center surface SC are displaced in Fig. 5. 
10 [0042] According to the law of similitude, "X" in the equation 1 can be expressed as follows. 

X : c x sine = (BP - b + a x sine - c x cose) ; c x cose 
15 X - (BP - b + a X sine - c x cose) tanO (equation 2) 

[0043] Therefore, when the equation 2 is substituted into the equation 1 , the x coordinate (Px) of the axis P of the 
guide portion 43a is as shown bellow. 

20 

Px = d x cose + (BP - b + a x sine - c x cose)tane + H +TC 

[0044] Therefore, for example, to keep the top clearance TC constant at 0.01mm in all variable range of the dis- 
placement, the profile of each cam surface 42a should be designed such that the axis P of the corresponding guide 
25 portion 43a defines the path P' that passes through the coordinate (Px, Py), which is expressed as follows, when the 
inclination angle e varies between the minimum and maximum inclination angle 0. That is, the cam surfaces 42a should 
be machined such that the cross-section of each cam surface 42a curves along the path P" of the axis P of the corre- 
sponding guide portion 43a. 

30 

(Px, Py) = (d x cose + (BP - b + a x sine - c x cos6)tane 
+ H + 0.01 , d x sine +cx cose - a sine +b) 

35 [0045] This embodiment provides the following advantages. 

(1) The profile of each cam surface 42a of the hinge mechanism 19 is designed such that when the compressor 
is running in the small displacement region, the path P' of the axis P of the corresponding guide portion 43a projects 
toward the side in which the top clearance TC increases. The profile of each cam surface 42a of the hinge mech- 
40 anism 19 is designed such that when the compressor is running in the large displacement region, the path P' of 

the axis P of the corresponding guide portion 43a projects toward the side in which the top clearance TC decreases. 
Therefore, the fluctuation of the top clearance TC is suppressed although the compressor displacement is varied. 
This prevents the volumetric efficiency of the compressor from decreasing. 

45 (2) The region 42a-1 of each cam surface 42a of the hinge mechanism 1 9 is concave. The region 42a-2 of each 

cam surface 42a is convex. That is, the desired profile of each cam surface 42a is obtained by forming the surface 
corresponding to the path P' of the axis P of the corresponding guide portion 43a. This facilitates the machining 
of the cam surfaces 42a. 

so (3) The region 42a-2 of each cam surface 42a that corresponds to the large displacement region of the compressor 

is the convex curved surface. Therefore, the corresponding guide portion 43a needs to slide over the region 42a- 
2 having the convex curved surface to move from the position corresponding to the maximum displacement to the 
side that decreases the displacement. That is, the inclination angle e of the swash plate 18 that is located in the 
vicinity of the maximum inclination angle is not easily decreased as compared to a case in which the conventional 

55 cam surfaces 114a are applied. Thus, the inclination angle 6 of the swash plate 18 is kept in the vicinity of the 

maximum inclination angle although the pressure in the crank chamber 15 increases due to, for example, the 
increase of the blowby gas from the compression chambers 24 in spite the control valve 34 is fully closed. Thus, 
the displacement of the compressor is reliably maintained in the vicinity of the maximum displacement when the 
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control valve 34 is fully closed, and the compressor cools the passenger compartment in a suitable manner although 
the compressor is under a high temperature load. 

(4) Each cam surface 42a of the hinge mechanism 1 9 has a profile that permits the top clearance TC to be constant 
5 although the inclination angle 6 of the swash plate 18 is varied. That is, the profile of each cam surface 42a is 

designed such that the axis P of the corresponding guide portion 43a defines the path P\ which passes through 
the coordinate (Px, Py), which is expressed as follows, when the inclination angle 6 of the swash plate 1 8 is varied. 
Therefore, the volumetric efficiency of the compressor is further prevented from decreasing. 

10 

(Px, Py) = (d x cose + (BP - b + a x sine - c x cos6)tane 
+ H + TC, d x sine + c x cose - a x sine + b) 

is (5) The inclination of the swash plate 18 is guided by portions different from portions that transmit power. This 

facilitates the designing of the cam surfaces 42a of the preferred embodiment where cam surfaces 42 are exposed. 
Thus, for example, as compared to the conventional hinge mechanism 111 that transmits power and guides the 
inclination of the swash plate 1 05 inside the guide holes 1 1 4 (see Fig. 1 2), the cam surfaces 42a are easily machined 
on the rotor 17 with high accuracy. That is, in the conventional compressor, the cam surfaces 114a must be ma- 

20 chined by inserting a tool inside the guide holes 114, which is troublesome. 

(6) Carbon dioxide is used as refrigerant. Thus, as compared to a case in which chlorofluorocarbon is used, the 
displacement of the compressor, or the stroke of each piston 23, is set very small. Therefore, on the assumption 
that the compression ratio is the same, although the fluctuation of the dead volume is the same as when chlo- 
25 rofluorocarbon is used, the influence to the volumetric efficiency is significantly large. Therefore, in such compres- 

sors, suppressing fluctuation of the top clearance TC although the displacement is changed, is particularly effective 
in that the decrease of the volumetric efficiency is suppressed. 

[0046] It should be apparent to those skilled in the art that the present invention may be embodied in many other 
30 specific forms without departing from the spirit or scope of the invention. Particularly, it should be understood that the 
invention may be embodied in the following forms. 

[0047] As shown in Fig. 7, retaining recesses 51 , 52 for retaining the guide portion 43a may be formed on each cam 
surface 42a at positions corresponding to the maximum displacement and the minimum displacement. The retaining 
recesses 51 formed corresponding to the maximum displacement permit further reliably retaining the inclination angle 
35 of the swash plate 18 at the maximum displacement. Thus, the advantage (3) of the preferred embodiment is further 
effectively provided. 

[0048] When the clutchless type power transmission mechanism PT is applied as the above embodiment, power 
loss of the engine E is reduced by minimizing the compressor displacement when refrigeration is noL needed. Since 
the retaining recess 52 is formed on each cam surface 42a in the vicinity of the position corresponding to the minimum 

40 displacement as shown in Fig. 7, the inclination angle of the swash plate 1 8 is reliably maintained in the vicinity of the 
minimum inclination corresponding to the fully opened state of the control valve 34 although the pressure in the crank 
chamber 15 is reduced for some reason. Thus, for example, the compressor displacement is reliably maintained in the 
vicinity of the minimum displacement when refrigeration is not needed. This reduces power loss of the engine E. 
[0049] In the modified embodiment shown in Fig. 7, the retaining recesses 51 or 52 may be formed at the position 

45 corresponding to the maximum displacement only or the position corresponding to the minimum displacement only. 
[0050] In the modified embodiment shown in Fig. 7, a retaining recess need not be formed at a position corresponding 
to the maximum displacement position or the minimum displacement position. That is, a retaining recess may be formed 
at a position corresponding to a middle displacement position (for example, 50% displacement) . In this case, the swash 
plate 18 is reliably retained at the middle displacement position corresponding to the medium opening degree of the 

so control valve 34 although a tilting moment caused by the centrifugal force is applied to the swash plate 1 8 when the 
engine E (drive shaft 16) is driven at high speed. The profile of each cam surface 42a may be designed such that the 
inclination angle of the swash plate 18 is changed step-by-step, or such that the guide portion 43a does not stop at 
portions other than the retaining recesses. 

[0051] As shown in Fig. 8, the cam 42 may be formed on the distal end of each arm 43 and the cams 42 of the rotor . 
55 1 7 may be changed to the guide portions 43a. Although not shown in the drawing, the projection 41 and the cams 42 
may be located on the swash plate 1 8 and the arms 43 may be located on the rotor 1 7. That is, the cam surfaces 42a 
having the profile similar to the above embodiment are formed on the swash plate 18 instead of the rotor 1 7. 
[0052] In this case, as exaggerated in Figs. 8 and 9, each cam surface 42a is convex at the region 42a-1 where the 
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guide portion 43a slides along when the compressor is running in the small displacement region such that the path P' 
of the axis P of the corresponding guide portion 43a projects toward the pistons 23 (rightward as viewed in the drawing). 
Each cam surface 42a is concave at the region 42a-2 where the guide portion 43a slides along when the compressor 
is running in the large displacement region such that the path P 1 of the axis P of the corresponding guide portion 43a 

5 projects toward the opposite side of the pistons 23 (leftward as viewed in the drawing). 

[0053] On the assumption that the rotational direction of the drive shaft 1 6 is represented by an arrow R (see Fig. 
10), the arm 43 and the cam 42 located on the compression stroke side (leading side of the drive plate), which is the 
lower side of Fig. 2, mainly receive an axial load caused by the compression load applied to the swash plate 1 8. In the 
same manner, the arm 43 and the branch 45 located on the compression stroke side, which is the lower side of Fig. 

10 2, transmit power from the rotor 1 7 to the swash plate 1 8. Therefore, one of the two arms 43 located on the lower side 
of Fig. 2 that transmits power and receives an axial load need to have more strength than the other arm 43 located at 
the upper side of Fig. 2. Also, one of the two branches 45 located at the lower side of Fig. 2 that transmits power needs 
to have more strength than the other branch 45 located at the upper side of Fig. 2. 

[0054] Accordingly, the above embodiment may be modified as shown in Fig. 10. The hinge mechanism 19 of Fig. 

is 1 o has the projection 41 , which includes branches 45A, 45B, which are formed on the rotor 1 7, and arms 43A, 43B, 
which are formed on the swash plate 1 8. In this case, the diameter of the branch 45A on the power transmission side 
(leading side of the rotor) is greater than the diameter of the other branch 45B to increase the strength. In other words, 
the cross-sectional area of the branch 45A is greater than the cross-sectional area of the equivalent position of the 
branch 45B in the longitudinal direction (left and right direction as viewed in Fig. 1 0). Also, the diameter of the arm 43A 

20 on the power transmission side and the axial load receiving side is greater than the diameter of the other arm 43B. In 
other words, the cross-sectional area of the arm 43A is greater than the cross-sectional area of the equivalent position 
of the other arm 43B in the longitudinal direction (left and right direction as viewed in Fig. 10). 
[0055] As described above, thickening the arm 43A and the branch 45A on the power transmission side increases 
the strength of the arm 43A and the branch 45A than the other arm 43B and the branch 45B that are not on the power 

25 transmission side. Thus, as compared to a case in which both arms 43A, 43B and branches 45A, 45B are thickened, 
the weight of the hinge mechanism 1 9 is prevented from increasing and the endurance of the hinge mechanism 1 9 is 
guaranteed. The reduction in the weight of the hinge mechanism 1 9 facilitates designing the balance of the rotary parts 
of the compressor 

[0056] That is, the compressor of the above embodiment, which rotates in both directions, has high versatility. How- 
30 ever, since the compressor does not limit the rotational direction of the drive shaft 1 6, the weight of the hinge mechanism 
19 is not easily reduced. In contrast, when the rotational direction of the drive shaft 16 is limited, the versatility is 
reduced but the compressor can be designed to reduce the weight as shown in Fig. 1 0. 

[0057] The hinge mechanism 19 may be modified as shown in Fig. 11 . In this case, the arms 43A, 43B are located 
on the rotor 1 7 and the projection 41 are located on the swash plate 1 8 such that the projection 41 is inserted between 
35 and engaged with the arms 43A, 43B to transmit power. The distal ends of the branches 45A, 45B, which form the 
projection 41, serve as guide portions 41b (having the similar structure as the guide portions 43a). The cam 42 is 
located at the proximal portion of each arm 43A, 43B at the rear surface of the rotor 1 7. 

[0058] In the above structure, when the rotational direction of the drive shaft 1 6 is as shown by the arrow R, the arm 
43A on the power transmission side (trailing side of the rotor) need to have more strength than the other arm 43B. 

40 Therefore, in the modified embodiment shown in Fig. 11 , the diameter of the arm 43A on the power transmission side 
is greater than the diameter of the other arm 43B to increase the strength. In other words, the cross-sectional area of 
the arm 43A on the power transmission side is greater than the cross-sectional area of the equivalent position of the 
other arm 43B in the longitudinal direction. Thus, as compared to a case, in which both arms 43 are made thicker, the 
weight of the hinge mechanism 19 is prevented from increasing and the endurance is kept at the same level. As 

45 described above, the reduction of the weight of the hinge mechanism 1 9 facilitates designing the balance of the rotary 
parts of the compressor. 

[0059] In the modified embodiment shown in Fig. 11 , the branch 45A mainly receives an axial load caused by the 
compression load, and the branch 45B transmits power. However, when the load applied to each of the branches 45A, 
45B are compared, the branch 45A that mainly receives the axial load needs to be stronger than the branch 45B that 
50 transmits power. 

[0060] Therefore, in the modified embodiment shown in Fig. 11 , the branch 45A that is on the axial load receiving 
side, or that is not on the power transmission side, is made thicker than the branch 45B to increase the strength. In 
other words, the cross-sectional area of the branch 45A is greater than the cross-sectional area of the equivalent 
position of the branch 45B in the longitudinal direction. Therefore, as compared to a case in which both branches 45A, 
55 45B are made thicker, the weight is prevented from increasing and the endurance of the hinge mechanism 1 9 is main- 
tained at the same level. As described above, the reduction of the weight of the hinge mechanism 1 9 facilitates designing 
the balance of the rotary parts of the compressor. 

[0061] That is, the compressor of the above embodiment, which rotates in both directions, has high versatility. How- 
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ever, since the compressor does not limit the rotational direction of the drive shaft 1 6, the weight of the hinge mechanism 
19 is not easily reduced. In contrast, when the rotational direction of the drive shaft 16 is limited, the versatility Is 
reduced but the compressor can be designed to reduce the weight as shown in Fig. 11 . 

[0062] In the modified embodiments of Figs. 1 0 and 1 1 , the strength of the arm 43A and the branch 45A is increased 
5 by thickening the arm 43A and the branch 45A than the other arm 43B and the branch 45B. However, the arm 43A 
may be made of material that has higher strength than the other arm 43B and the branch 45A may be made of material 
that has higher strength than the branch 45B. 

[0063] In the above embodiment, the projection 41 is branched into two branches 45 extending from one proximal 
portion projecting from the rotor 17. However, the branches 45 may project directly from the rotor 17. 
10 [0064] In the above embodiment, each cam surface 42a has the region 42a- 1 , which is concave, and the region 42a- 
2, which is convex. However, the region 42a-1 may be a recess and the region 42a-2 may be a projection. This facilitates 
machining of the cam surfaces 42a. 

[0065] In the above embodiment, each of the regions 42a-1 , 42a-2 of the cam surface 42a is the combination of 
curved surfaces having different curvature. However, each of the regions 42a-1 and 42a-2 may be formed by a curved 

15 surface with one curvature to be similar to the shape of Fig. 4. This facilitates machining of the cam surfaces 42a. In 
this case also, no substantial problem is caused concerning the fluctuation of the top clearance TC. 
[0066] The conventional hinge mechanism 19 may be applied in the above embodiment. In this case, as shown in 
Fig. 12, cams, which are the support arms 112, are located on the rotor 17 while the guide portions, which are the 
guide pins 1 1 3, are located on the swash plate 1 8, or the guide pins 1 1 3 are located on the rotor 1 7 while the support 

20 arms 1 1 2 are located on the swash plate 1 8. In either case, the cam surface 1 1 4a of the guide hole 1 1 4 of each support 
arm 112 have the profile that is the same as the cam surface 42a of the above embodiment. 
[0067] The support 20a of the swash plate 1 8 may be eliminated and the swash plate 1 8 may be supported by the 
drive shaft 16 via the conventional spherical sleeve 106. In this case, the center of the spherical sleeve 106, or the 
pivot axis of the swash plate 1 8, is located on the axis L of the drive shaft 1 6 and the swash plate center surface SC. 

25 Therefore, in the description of the profile of the cam surface 42a, "a" and "b" are zero. 

[0068] The present invention may be embodied in a wobble type variable displacement compressor 
[0069] Therefore, the present examples and embodiments are to be considered as illustrative and not restrictive and 
the invention is not to be limited to the details given herein, but may be modified within the scope and equivalence of 
the appended claims. 

30 

Claims 

1 . A variable displacement compressor has a housing, wherein the housing includes a cylinder bore, a single-headed 
35 piston accommodated in the cylinder bore, a drive shaft rotatably supported by the housing, a rotor supported by 

the drive shaft, wherein the rotor rotates integrally with the drive shaft, a drive plate supported by the drive shaft, 
wherein the drive plate slides along and inclines with respect to the drive shaft; and a hinge mechanism located 
between the rotor and the drive plate, wherein rotation of the drive shaft is converted into reciprocation of the piston 
via the rotor, the hinge mechanism, and the drive plate, wherein the hinge mechanism guides the drive plate such 
40 that the drive plate slides along and inclines with respect to the drive shaft, and wherein the inclination angle of 

the drive plate determines the displacement of the compressor, the compressor being characterized In that: 

the hinge mechanism includes a cam, which is located on one of the rotor and the drive plate, and a guide 
portion, which is located on the other one of the rotor and the drive plate, wherein the cam has a cam surface, 
45 which has a predetermined profile, and the guide portion abuts against the cam surface, wherein one of the 

cam surface and the guide portion slides against the other in accordance with inclination of the drive plate, 
and the guide portion traces a path corresponding to the profile of the cam surface with respect to the cam, and 

wherein the path includes a first path corresponding to a small displacement region of the compressor and 
so a second path corresponding to a large displacement region of the compressor, wherein the profile of the cam 

surface is determined such that the first path and the second path bulge in a direction opposite to each other to 
compensate for fluctuation of a top dead center position of the piston with respect to the housing. 

2. The compressor according to claim 1 , characterized in that the cam surface includes a first cam surface section, 
55 against which the guide portion slides when the compressor displacement is at the small displacement region, and 

a second cam surface section, against which the guide portion slides when the compressor displacement is at the 
large displacement region, and wherein the first cam surface section is concave and the second cam surface 
section is convex. 
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3. The compressor according to claim 2, characterized In that the cross-section of the cam surface is substantiaily 
S-shaped. 

4. The compressor according to claim 1 , characterized In that the profile of the cam surface is determined such that 
5 the top dead center position of the piston with respect to the housing is substantially constant regardless of the 

inclination angle of the drive plate. 

5. The compressor according to claim 4, characterized In that the cylinder bore has an opening, which is closed by 
a valve plate assembly, wherein the valve plate assembly has an end surface, which closes the opening of the 

10 cylinder bore, 

wherein, on a coordinate, in which an axis of the drive shaft is an x-axis, and a straight line that is perpendicular 
to the axis of the drive shaft and the axis of the piston located at the top dead center position and lies along the 
end surface of the valve plate assembly is y-axis, the distance between a pivot axis of the drive plate and the 
center surface of the drive plate is "a", the y-coordinate of the pivot axis of the drive plate is "b", the distance 

15 between a line that is perpendicular to the center surface of the drive plate and the axis of the guide portion and 

a line that is perpendicular to the pivot axis of the drive plate and the center surface of the drive plate is "c", the 
distance between the axis of the guide portion and the center surface of the drive plate is M d", the distance between 
a top dead center corresponding position of the drive plate and the distal end of the piston is "H", the distance 
between the axis of the drive shaft and the axis of the piston is BP, and a top clearance between the distal end of 

20 the piston at the top dead center position and the valve plate assembly is "TC", 

wherein the profile of the cam surface is determined corresponding to the variation of the inclination angle 
6 of the drive plate such that the axis of the guide portion traces a path that passes through a coordinate (x, y) 
expressed by an equation: 

(x, y) = (d x cose + (BP - b + a x sine - c x cose)tane + H + TC, 
d x sine kx cose - a x sine + b). 

30 6. The compressor according to claim 1 , characterized In that the cam surface has a retaining recess for retaining 
the guide portion when the drive plate is located in the vicinity of one of a predetermined maximum inclination 
angle and a predetermined minimum inclination angle. 

7. The compressor according to any one of claims 1 to 6, characterized In that the hinge mechanism includes a 
35 first engaging body, which extends from the rotor toward the drive plate, and a second engaging body, which 

extends from the drive plate toward the rotor, wherein the first and second engaging bodies are engaged with each 
other in the rotational direction of the drive shaft such that the drive plate rotates integrally with the rotor, and 
wherein the cam is located at the proximal portion of one of the first and second engaging bodies, and the guide 
portion is located at the distal end of the other one of the first and second engaging bodies. 

40 

8. The compressor according to any one of claims 1 to 6, characterized In that the hinge mechanism includes a 
first engaging body, which extends from the rotor toward the drive plate, and a second engaging body, which 
extends from the drive plate toward the rotor, wherein the first and second engaging bodies are engaged with each 
other in the rotational direction of the drive shaft such that the drive plate rotates integrally with the rotor, and 

45 wherein the cam is located at the distal end of one of the first and second engaging bodies, and the guide portion 

is located at the proximal portion of the other one of the first and second engaging bodies. 

9. The compressor according to any one of claims 1 to 6, characterized In that the hinge mechanism includes at 
least two projections, which extend from the rotor toward the drive plate, and at least two arms, which extend from 

so the drive plate toward the rotor, wherein the projections are located between the arms such that rotation of the 

rotor is transmitted to the drive plate, wherein one of the guide portion and the cam is located at the distal end of 
each arm, and the other one of the guide portion and the cam is located at the proximal portion of the projections, 
and wherein the strength of one of the projections located on the leading side of the rotor is greater than that of 
the other projection, and the strength of one of the arms located on the leading side of the drive plate is greater 

55 than that of the other arm . 

10. The compressor according to any one of claims 1 to 6, characterized In that the hinge mechanism includes at 
least two arms, which extend from the rotor toward the drive plate, and at least two projections, which extend from 
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the drive plate toward the rotor, wherein the projections are located between the arms such that rotation of the 
rotor is transmitted to the drive plate, wherein one of the guide portion and the cam Is located at the distal end of 
each projection, and the other one of the guide portion and the cam is located at the proximal portion of each arm, 
and wherein the strength of one of the arms located on the trailing side of the rotor is greater than that of the other 
5 arm, and the strength of one of the projections located on the leading side of the drive plate is greater than that of 

the other projection. 
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Fig. 6 
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Fig. 10 
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